Supermassive black holes launching plasma jets at close to speed of light, producing gamma-rays, have ubiquitously been found to be hosted by massive elliptical galaxies. Since elliptical galaxies are generally believed to be built through galaxy mergers, active galactic nuclei (AGN) launching relativistic jets are associated to the latest stages of galaxy evolution. We have discovered a pseudo-bulge morphology in the host galaxy of the gamma-ray AGN PKS 2004-447. This is the first gamma-ray emitter radio loud AGN found to be launched from a system where both black hole and host galaxy have been actively growing via secular processes. This is evidence for an alternative black hole-galaxy coevolutionary path to develop powerful relativistic jets that is not merger-driven.
Introduction
Active galactic nuclei (AGN) launching relativistically moving plasma jets are classified as radio-loud. If its jet is pointing towards the Earth, the radio-loud AGN is called a blazar. Relativistic jets in blazars are capable of producing bright and variable non-thermal emission across the entire electromagnetic spectrum (Giommi et al. 2012) . The large majority of high-Galactic latitude sources detected by the Large Area Telescope (LAT) onboard the Fermi Gamma-ray Space Telescope have been associated to blazars (Ackermann et al. 2015) . Based on their optical spectra, blazars are classified as either flat-spectrum radio-quasars (FSRQ) showing prominent emission lines, or BL Lac objects (BL Lacs) with featureless spectra. Yet both blazar types are ubiquitously hosted by massive red elliptical galaxies (Kotilainen et al. 1998; Falomo et al. 2000) . In particular, the distribution of host galaxy magnitudes of BL Lacs follows a narrow Gaussian distribution and BL Lac host galaxies can therefore be assumed to be standard candles when estimating their distances (Kotilainen et al. 2011) . It is therefore well established that gamma-ray emission from AGN is associated to relativistic jets of blazars launched from the centres of massive elliptical galaxies widely believed to be formed by galaxy mergers.
This scenario has been challenged by the detection of gamma-ray emission from Narrow-Line Seyfert 1 (NLSy1) galaxies (Abdo et al. 2009; D'Ammando et al. 2015 ) that as a class are predominantly radio-quiet and hosted in lower-mass spiral galaxies (Deo et al. 2006; Ohta et al. 2007 ). The optical emission-line spectra of NLSy1s resemble those of Seyfert type 1 galaxies, with the exception of showing remarkably narrow (FWHM < 1000 km s −1 ) Balmer emission lines. This, together with their cast signatures of large variability in X-rays and prominent Fe emission have contributed to the idea that the central engines of NLSy1s are powered by extreme accretion (rates close to the Eddington limit) onto a young and undermassive black hole that is still growing. Several studies have addressed the multi-wavelength emission of the six gamma-ray NLSy1s so far detected by Fermi, converging to the idea that gamma-ray NLSy1 nuclei are blazar like, albeit less powerful (Foschini et al. 2015) . Little is, however, still known about the host galaxies of the gamma-ray emitting NLSy1s (León Tavares et al. 2014) .
In this work we present for the first time host galaxy images of the gamma-ray NLSy1
PKS 2004-447, with a redshift of z = 0.24 (Drinkwater et al. 1997) and showing core-jet parsec and kiloparsec jet scale structures, it is the radio-loudest NLSy1 (RL=1700-6300, Oshlack et al. 2001 ) detected by Fermi/LAT Schulz et al. 2016 with excellent atmospheric seeing conditions (F W HM ≈ 0.40" and F W HM ≈ 0.45" for J-and Ks-band, respectively). The total integration time was 600 s for J-band and 110 s for Ks-band. A jitter procedure was used to obtain a set of offset frames (with individual exposure times of 40 s and 10s for J-and Ks-band, respectively) with respect to the initial position. Images were reduced with common procedures using IRAF. Each image was flat fielded and sky subtracted using a flat-frame derived from twilight images and a sky-frame derived by median filtering the individual frames in the stack (after scaling with the median of the number of counts in each image to account for sky intensity variations). The reduced images of each filter were aligned (using bright stars as reference points in the field) and combined to produce the final reduced co-added image. We have used 2MASS (Skrutskie et al. 2006 ) bright stars to calibrate the zeropoints of our J and Ks band images, resulting in an accuracy of ∼0.1 mag.
We analyse quantitatively the structure of our NIR images of PKS 2004-447 by modeling their surface brightness distribution with the 2D image decomposition code GALFIT (Peng et al. 2011) . The images were decomposed into a combination of a central point unresolved source (representing the AGN emission and modeled by a PSF) and galaxy components.
To model the PSF, we selected non-saturated field stars over a wide range of magnitude, without close companions (closer than ∼ 2.5") and preferentially close to the source.
This resulted in a set of 10 stars with magnitudes m J = 15.58 −0.010 . We masked out unwanted objects by implementing the SExtractor segmentation image (Bertin & Arnouts 1996) , and fit all the selected stars simultaneously, using 2D modeling consisting of several Gaussian and exponential functions. Since our modeled PSF can fit adequately all the field stars (Figure 1 ), we are confident that it is a good and stable representation of the true PSF of our images.
Differences in the PSF due to spatial and temporal variations lead to uncertainties in the resulting parameters of our models. To account for this, we used different PSF models (derived from different combinations of stars), assuming that the resulting variations represent the uncertainties due to our PSF model imperfection. Additionally, our reported errors take into account the mismatch between our PSF and the stars used to model it, in this way, performing the fitting using empirical PSFs would result in models with components lying inside the error bars of the components modeled with our PSF.
Uncertainties due to our PSF imperfection mainly affect the morphology of our models and to a lesser extent, their magnitudes. On the other hand, uncertainties due to the sky background can significantly affect the final magnitudes. To quantify this, we performed several sky fits in separate 100 px × 100 px regions of the field and ran our models with the mean (x) andx ± σ of the resulting sky values. The difference in magnitudes due to the uncertainties of the sky value is added to the errors of the final models. 
Host galaxy
We first explore whether the surface brightness distribution of the host galaxy of PKS 2004-447 can be well fitted by a de Vaucouleurs surface brightness profile, typical of elliptical galaxies hosting gamma-ray blazar nuclei (Kotilainen et al. 1998; Falomo et al. 2000) . The best fitted model parameters are listed in Table 1 . Nonetheless, inspection of the image and luminosity profile residuals (see left panels of Figure 2) show that the host galaxy of PKS 2004-447 is not adequately fitted by a single Sérsic component.
Thus, we added a component to the host galaxy model representing an exponential disc, the latter is motivated by the high incidence of radio-quiet NLSy1s in late-type galaxies (Crenshaw et al. 2003; Deo et al. 2006; Ohta et al. 2007 ). Middle panels of Figures 2 and 3 show that the observed surface brightness distribution of PKS 2004-447, in each filter, can be better represented with a model comprising a nuclear unresolved source, a bulge and an exponential disc. Based on the χ 2 values listed on Table 1 and from an inspection of the residuals in Figures 2 and 3 , a host galaxy model including a bulge and an exponential disc seems to be more successful to reproduce the observed surface brightness of PKS 2004-447.
However, the residual images in both bands (middle panels in Figures 2 and 3 ) reveal the presence of two aligned bright spots, consistent with the residual structure obtained with a de Vaucouleurs model (left panels). Symmetric aligned bright knots are usually found at the ends of stellar bars, the so called ansae or handles of the bar (Laurikainen et al. 2007 ).
Stellar bars have not been detected in AGN launching prominent relativistic jets, however, bars appear rather frequent in radio-quiet NLSy1s (Deo et al. 2006; Ohta et al. 2007 ).
We subtract the best-fitted PSF and Sérsic models from the observed image to search Table 1 and its residual images and radial profiles are shown in the right panels of Similarly, we tried to fit the galaxy without the bulge (due to its small size; see Table 1 ).
However, a considerable fraction of light (B/T≈ 0.25) comes from the bulge, and removing it results in physically meaningless morphologies for the other components of the model (e.g. Sérsic index for the bar n > 10).
Discussion
The best-fit model for the host galaxy structure of PKS 2004-447 reveals it as a barred late-type disc galaxy. Given its stellar mass, estimated from its K−band luminosity We can further explore whether PKS 2004-447 can be classified as having a pseudobulge by comparing the results presented in Fisher & Drory (2008) with the values in our analysis (see Table 1 ) that do not depend on magnitude (since they seem to be independent of wavelength, Graham 2001; MacArthur et al. 2003; Fisher & Drory 2008) . In the R ef f /R s distribution for the bulges of the galaxies in their sample, they find that classical bulges show a R ef f /R s = 0.45 ± 0.28, whereas pseudobulges show a R ef f /R s = 0.21 ± 0.10, in accordance with the (pseudo) bulge in PKS 2004-447 ( R ef f /R s = 0.20 ± 0.11). In their figures 7 and 11, they show the planes n − R ef f and n − bulge / disc , respectively, where it is evident that the (pseudo) bulge in PKS 2004-447 lies within the psedobulge subsample. All the latter suggests that the bulge in PKS 2004-447 should not be classified as classical but as pseudo. Unlike classical bulges, commonly found in blazars and radio galaxies (grown trough mergers), pseudobulges are built slowly by the internal evolution of the galaxy, likely driven by the bar. For a full and detailed description on pseudobulges see Kormendy & Kennicutt (2004) .
A rapidly spinning black hole by-product of a BH-BH merger is thought to play a fundamental role in triggering of radio loud activity in AGN and the launching of relativistic jets from supermassive black holes (Blandford & Znajek 1977) . However, the firm detection of a pseudobulge and a stellar bar in the host galaxy of PKS 2004-447 argue for a scenario where an instability driven bulge has concomitantly grown with its black hole via secular processes -albeit some minor galaxy mergers could have occurred. Only a small number of powerful radio galaxies have been found in disc-like host systems (e.g. Ledlow et al. 1998; Hota et al. 2011; Morganti et al. 2011; Bagchi et al. 2014; Kaviraj et al. 2015; Mao et al. 2015; Singh et al. 2015) , and among them, PKS 2004-447 is the only gamma-ray emitting radio galaxy in which a disky pseudobulge and a stellar bar have been found.
Since there is solid observational evidence pointing to the presence of fully developed relativistic jets emanating from PKS 2004-447 Schulz et al. 2016) , it arises that the same spinning black hole conditions that enable the production of prominent relativistic jets can be met, even if non-major merger related black hole fueling mechanisms have ignited the AGN. Our results allow simulations and subgrid models to explore the energetic feedback of a radio jet to an interstellar medium different from an elliptical galaxy (Wagner & Bicknell 2011) and provide tests on black hole spin up mechanisms that are not strictly associated to major BH-BH mergers.
A recent spectropolarimetric observation of PKS 2004-447 has revealed a broad and double-peaked Hα profile in polarised light (Baldi et al. 2016) , this peculiar profile was interpreted as the signature of an obscured disc-like broad-line region. Estimating the black hole mass of PKS 2004-447 from a single-epoch polarised spectrum yields a black hole mass (∼ 6 × 10 8 M ) well within the range of radio-loud AGN (Dunlop et al. 2003) . However, double-peaked Balmer emission line profiles are highly variable (Lewis et al. 2010) . Thus, bulge stellar kinematics measurements are preferred over emission line widths to estimate black hole masses in double-peaked AGN (Lewis & Eracleous 2006) .
Moreover, non-merger driven black hole fueling mechanisms are known to be inefficient, hence, setting an upper limit to the achievable mass of the black hole (Hopkins & Hernquist 2009 ), well within the common range of black hole masses estimated for NLSy1 galaxies (∼ ×10 7 M ). Therefore, a solid estimation of the black hole mass of PKS 2004-447 based on its polarised broad emission line profile would require further investigation on whether motions of ionised gas are dominated by gravity or if outflowing winds (Longinotti et al. 2015) , could contribute to shaping the double-peaked profile. We, however, notice that black holes with masses surpassing 10 8 M have also been found in pseudobulges (Kormendy & Ho 2013) . Moreover, using the K-band bulge luminosity (L bulge ) from our analysis and the M BH − L bulge relation of pseudo-bulges from Ho & Kim (2014) , we estimate the black hole mass in PKS 2004-447 to be ∼ 9 × 10 7 M . Nevertheless, our imaging study provides observational evidence for a significant difference between PKS 2004-447 and the overall population of gamma-ray emitting AGN in terms of evolutionary stages of their host galaxies.
We have found that PKS 2004-447 is powered by a suspected ongoing growing black hole hosted by a galaxy that is actively evolving, albeit slowly via secular processes.
Although there is ample observational evidence linking the radio-loud AGN phenomenon to mergers (Ramos Almeida et al. 2012; Chiaberge et al. 2015) , our results suggest that the growth of a black hole via hierarchical clustering (major mergers) might not be strictly required to launch fully developed relativistic jets. Thus, there is an urgent need for more observations to characterise the evolutionary state and nuclear properties of the six NLSy1s detected by Fermi so far. To investigate this further, we have recently carried out a NIR host galaxy imaging of all the gamma-ray NLSy1s known to date and a large sample of radio-loud NLSy1s, to allow comparison between populations.
Summary
We have used the NIR ISAAC camera on the VLT to image for the first time the host galaxy of PKS 2004-447 -one of the six γ-ray NLSy1 galaxies detected by the Fermi Gamma-ray Space Telescope. The surface brightness distribution of the host galaxy of PKS 2004-447 has been decomposed with GALFIT, allowing us to characterise its structural galaxy components. Our main results are listed below:
• We find that the surface brightness distribution of host galaxy of PKS 2004-447
deviates significantly from a de Vaucouleurs profile, hence, does not share galaxy morphological features with the overall population of gamma-ray bright AGN (FSRQs, BLLacs and radio galaxies).
• We perform a 2D bulge-disk decomposition on the images of PKS 2004-447, yielding to better results. However, the presence of two aligned brightness enhancements in the residual images (see Figures 2 and 3) were further identified as the ansae or handles of a stellar bar.
• As a consequence, a 2D bulge-disk-bar decomposition turned out to be the best representation of the host galaxy of PKS 2004-447. Most of the observational properties of the best fitted bulge (e.g. n < 2) are consistent with those reported in literature for pseudobulges.
PKS 2004-447 arises therefore as the first gamma-ray emitting radio-loud AGN where a fully developed relativistic jet -able to accelerate particles up to gamma-ray energies -is launched from a pseudo bulge grown via secular processes, and not through mergers. Note the presence of the two aligned spots in the residual images. This residual structures has been identified as the ansae of the bar. 
